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(54) ZENER ZAP DIODE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate breakage of a .barrier metal layer by dividing at 
least one of anode electrode and cathode electrode into a plurality of subparts at a part to 
be connected with a silicon layer and forming an electrode closest to an electrode of 
opposite polarity smaller than other electrodes of same polarity at a part to be connected 
with the silicon layer. . 
SOLUTION: At least one of anode electrode 21 and cathode electrode 20 is divided into a 
plurality of subparts at a part to be connected with a silicon layer 12 and an electrode 
closest to an electrode of opposite polarity is formed smaller than other electrodes of same 
polarity at a part to be connected with the silicon layer 12. When a Zener zap diode is 
broken down and short-circuited, a high current flows through an electrode having small 
area at the joint with the silicon layer 12 (cathode electrode 20 formed in the cathode 
opening 18b of small area) and the anode electrode 21 formed in the anode opening 19b of 
small area, thus facilitating breakage of a barrier metal layer 22 at that part. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] , 

[0001] " it 

[Field of the Invention] This invention relates to the zener-zap diode which has a barrier metal layer in 

detail about zener-zap diode. 

[0002] ' . _ 

[Description of the Prior Art] Generally the conventional zener-zap diode uses the emitter electrode ol 
an NPN transistor as a cathode electrode, and the base electrode is constituted as an anode electrode. 
And it is formed like [ the configuration (area) of each electrode opening of an anode electrode and a 
cathode electrode ] each electrode opening of an NPN transistor. With such a configuration, metal 
wiring used aluminum or an aluminium alloy. Therefore, in order to make it not degrade the property of 
an NPN transistor with detailed-izing in recent years, the barrier metal layer is adopted as the lower 
layer of metal wiring. In order to control the reaction of the aluminum in control of the migration of 
metal wiring, and the contact part of a component, and silicon as a barrier metal layer, it is common to 
use a refractory metal system ingredient like acid titanium nitride (TiON). And the configuration of each 
electrode opening of an NPN transistor is determined so that the hippo ridge of a barrier metal layer may 
become good. Therefore, it will be formed in a configuration to which the hippo ridge of a barrier metal 
layer becomes good like [ each electrode opening of zener-zap diode ] each electrode opening of an 
NPN transistor. 

[0003] . . % 

[Problem(s) to be Solved by the Invention] However, it is contrary to the principle of the zener-zap 
diode which aluminum and silicon are made to react and is made to short-circuit between an anode- 
cathode to form a barrier metal layer in the lower layer of the above-mentioned metal wiring. Zener-zap 
diode impresses the reverse bias of high electric field between an anode electrode and a cathode 
electrode, by generation of heat at that time, makes the reaction of aluminum and silicon cause and 
forms an aluminum filament into the silicon between an anode electrode and a cathode electrode. 
Moreover, when the barrier metal layer is used for the lower layer of each above-mentioned electrode, 
an aluminum filament is formed by a barrier metal layer being torn at the time of a destructive short 
circuit, and aluminum being spread in silicon. However, since a barrier metal layer will stop being torn 
easily at the time of a destructive short circuit if the hippo ridge of a barrier metal layer is good, 
formation of an aluminum filament is checked. Therefore, dispersion and the problem that it was not 
stabilized had occurred [ ON resistance after a destructive short circuit ]. 

[0004] Moreover, if the area of electrode opening is small formed in order to only worsen the hippo 
ridge of a barrier metal layer, in order that a dozens of mA high current may flow at the time of the 
destructive short circuit of zener-zap diode, aluminum or an aluminium alloy will result in an open 
circuit by electromigration in the polar zone. Then, as a means to form an aluminum filament stably, 
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although the electrode configuration which electric field tend to concentrate at the time of a destructive 
short circuit, and the pattern configuration of a diffusion layer were advocated, there was no change in a 
barrier metal layer checking formation of an aluminum filament, and the effectiveness of the 
configuration which used the barrier metal layer was inadequate. 
[0005] 

[Means for Solving the Problem] This invention is the zener-zap diode made in order to solve the above- 
mentioned technical problem. That is, zener-zap diode makes the aluminum of an electrode, and the 
silicon of a silicon layer react, forms a filament, and forms a barrier metal layer in the lower layer of this 
electrode, and the part , linked to the silicon layer of one [ at least ] electrode of the electrodes which 
consist of the anode electrode and cathode electrode of this zener-zap diode is divided into plurality. 
And the area of the part which connects to a silicon layer the electrode with the part nearest to the 
electrode of reversed polarity among the electrodes currently divided into plurality linked to a silicon 
layer rather than the electrode of other like-pole nature is formed small. 

[0006] For the above-mentioned zener-zap diode, the part linked to the silicon layer of one [ at least ] 
electrode of an anode electrode and the cathode electrodes is divided into plurality. The electrode nearest 
to the electrode of reversed polarity from the area of the part which connects with a silicon layer rather 
than the electrode of other like-pole nature being formed small A high current flows, to an electrode with 
an area of a connection part with a silicon layer small at the time of the destructive short circuit of zener- 
zap diode, and a barrier metal layer becomes easy to be torn. Since a filament is stabilized and is formed 
of it at the time of a destructive short circuit, ON resistance after a destructive short circuit is stabilized. 
On the other hand, it becomes possible to form the electrode with a large area of a connection part with a 
silicon layer in the area of the magnitude which can bear the high current at the time of a destructive 
short circuit among the electrodes currently divided. 
[0007] 

[Embodiment of the Invention] The outline block diagram of drawing 1 explains an example of the 1st 
operation gestalt of this invention. This drawing 1 shows a layout pattern to (1), and shows a sectional 
view to (2). In addition, although (1) of drawing 1 was not a sectional view, in order to make it legible, 
some component parts were classified by hatching. 

[0008] As shown in drawing 1 , on the substrate (for example, silicon substrate of P type) 1 1 of P type, 
the silicon layer (for example, silicon layer which carried out epitaxial growth) 12 of N type is formed. 
The component isolation region 13 which reaches the above-mentioned substrate 1 1 is formed in the 
condition of surrounding the formation field of zener-zap diode in this silicon layer 12. The base layer 
14 of P type is formed in the upper layer of the silicon layer 12 in the formation field of the above- 
mentioned zener-zap diode, and it is N+ in the upper layer by the side of the end of the above-mentioned 
base layer 14. The emitter layer 15 of a mold is formed. Moreover, P+ connected to this base layer 14 at 
the other end side of this base layer 14 The graft base layer 16 of a mold is formed. 
[0009] And the insulator layer 17 is formed in the wrap condition in the above-mentioned silicon layer 
12 top. Cathode opening 18a of a large area and cathode opening 18b of small area are formed in the 
above-mentioned insulator layer 17 on the above-mentioned emitter layer 15. This cathode opening 18b 
is formed in the anode side rather than cathode opening 18a. Furthermore, anode opening 19a of a large 
area and anode opening 19b of small area are formed in the above-mentioned insulator layer 17 on the 
above-mentioned graft base layer 14. This anode opening 19b is formed in the cathode side rather than 
anode opening 1 9a. 

[0010] Furthermore on the above-mentioned insulator layer 17, the cathode electrode 20 connected to 
the emitter layer 15 through cathode opening 18a of a large area and cathode opening 18b of small area 
is formed. The anode electrode 21 connected to the above-mentioned graft base 16 with it through anode 
opening 19a of the above-mentioned large area and anode opening 19b of small area is formed. That is, 
small cathode electrode 20b is formed in cathode opening 18b of small area, and small anode electrode 
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21b is formed in anode opening 19b of small area. Moreover, large cathode electrode 20a is formed in 
cathode opening 18a of a large area, and large anode electrode 21a is formed in anode opening 19a of a 
large area. Therefore, both the anode electrode 21 and the cathode electrode 20 are divided into plurality 
in the part linked to the silicon layer 12. 

[001 1] And the above-mentioned cathode electrode 20 and the anode electrode 21 are formed in the 
aluminum system metal layer 23 which formed the barrier metal layer 22 in the lower layer. Thus, the 
zener-zap diode 1 is constituted. 

[0012] In order to carry out the destructive short circuit of the above-mentioned zener-zap diode 1, the 
silicon of the silicon layer 12 with which the reverse bias of high electric field is impressed between the 
anode electrode 21 and the cathode electrode 20, and the aluminum of an electrode and base layer 14 
grade are formed in it of generation of heat at that time is made to react, and the aluminum filament. 31 is 
made to form between the anode electrode 21 and the cathode electrode 20. Between the anode electrode 
21 and the cathode electrodes 20 connects too hastily electrically by the above-mentioned aluminum 
filament 31 with it. 

[0013] Although the width of face of large cathode electrode 20a and the width of face of small cathode 
electrode 20b are formed identically and the width of face of large anode electrode 21a and the width of 
face of small anode electrode 21b are identically formed for the above-mentioned zener-zap diode 1 As 
shown in drawing 2 , the width of face wc of small cathode electrode 20b may be formed more narrowly 
than the width of face Wc of large cathode electrode 20a, and the width of face wa of small anode 
electrode 21b may be formed more narrowly than the width of face Wa of large anode electrode 21a. 
[0014] In this case, the formation direction of a filament becomes that it is easy to be limited between 
small cathode electrode 20b and small anode electrode 21b. 

[0015] Moreover, for the zener-zap diode 1 explained by said drawing 1 , although small cathode 
electrode 20b and small anode electrode 21b were formed in both the anode electrode 21 and the 
cathode electrode 20, either small cathode electrode 20b or the small anode electrode 21b may be 
formed. 

[0016] For example, as shown in (1) of drawing 3 , the cathode electrode 20 may be constituted from 

large cathode electrode 20a and small cathode electrode 20b, and the anode electrode 21 may consist of 

one electrode. In addition, at drawing 3 after (1) and (2) of this drawin g 3 , the layout pattern of a 

connection part with the silicon layer 12 shows. Moreover, as shown in (2) of drawin g! , the cathode 

electrode 20 may be constituted from one electrode, and the anode electrode 21 may consist of large 

anode electrode 21a and small anode electrode 21b. In the above-mentioned case, small cathode 

electrode 20b and small anode electrode 21b are surely formed in the electrode side of reversed polarity. 

Thus, by forming, a filament becomes is easy to be formed in the silicon layer between small cathode 

electrode 20b and small anode electrode 21b at the time of the destructive short circuit of zener-zap 

» 

diode. 

[0017] Furthermore, the division-into-equal-parts rate of the part linked to the silicon layer 12 in both 
the cathode electrode 20, and anode both [ at least one side or ] 21 may be carried out. For example, as 
shown in (3) of drawing 3 , each part linked to the silicon layer of the cathode electrode 20 and the 
anode electrode 21 may be formed in three-line three trains in the shape of [ so-called ] a matrix. 
Limitation is not carried out for this line count and the number of trains to the above-mentioned value. 
In this case, it is more important for the electrode 20 (20f) nearest to [ in a central train ] the electrode of 
reversed polarity, for example, a cathode electrode, and the anode electrode 21 (2 Id) than the electrode 
of a part with which other like-pole nature was divided that the area of the part linked to a silicon layer 
is formed small. Thus, by forming, a filament becomes is easy to be formed in inter-electrode [ in which 
the area of the part which connects with a silicon layer at the time of the destructive short circuit of 
zener-zap diode is formed small ]. 

[0018] Or as shown, for example in (4) of drawing 3 , each part linked to the silicon layer of the cathode 
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electrode 20 and the anode electrode 21 may be formed in three-line one train. Limitation is not carried 
out for this line count to the above-mentioned value. In this case, it is more important for the electrode 
20 (20b), for example, the cathode electrode, and the anode electrode 21 (21b) of a central train than the 
electrode of a part with which other like-pole nature was divided that the area of the part linked to a 
silicon layer is formed small. Thus, by forming, a filament becomes is easy to be formed in inter- 
electrode [ in which the area of the part which connects with a silicon layer at the time of the destructive 
short circuit of zener-zap diode is formed small ]. 

[0019] For the zener-zap diode 1 which gave [ above-mentioned ] explanation The part linked to the 
silicon layer 12 of one [ at least ] electrode of the anode electrode 21 and the cathode electrodes 20 is 
divided into plurality. The electrode nearest to the electrode of reversed polarity From the area of the 
part which connects with the silicon layer 12 rather than the electrode of other like-pole nature being 
formed small An electrode with an area of a connection part with the silicon layer 12 small at the time of 
the destructive short circuit of the zener-zap diode 1, The cathode electrode 20 formed in cathode 
opening 18b of small area here A high current flows to the anode electrode 21 (henceforth small anode 
electrode 21b) formed in anode opening 19b of (it is hereafter called small cathode electrode 20b) and 
small area, and the barrier metal layer 22 of the part becomes easy to be torn. Since a filament 3 1 is 
stabilized at the time of a destructive short circuit and is formed of it at it, ON resistance after a 
destructive short circuit is stabilized. 

[0020] On the other hand, it becomes possible to form an electrode with a large area of a connection part 
with the silicon layer 12, and the cathode electrode 20 (henceforth large cathode electrode 20a) formed 
in cathode opening 18a of a large area here and the anode electrode 21 (henceforth large anode electrode 
21a) formed in anode opening 19a of a large area in the area of the magnitude which can bear the high 
current at the time of a destructive short circuit among the electrodes currently divided. An open circuit 
of the electrode by the electromigration at the time of a destructive short circuit is prevented by it. 
[0021] Moreover, since the above-mentioned zener-zap diode 1 is making the same configuration as an 
NPN transistor, it is possible for manufacturing this zener-zap diode 1 and NPN transistor to 
coincidence. 

[0022] Next, the outline configuration sectional view of the polar zone of drawin g 4 explains an 
example of the 2nd operation gestalt of this invention. 

[0023] The zener-zap diode of this 2nd operation gestalt worsens the hippo ridge of the barrier metal 
layer of the electrode nearest to the electrode of reversed polarity among the electrodes with which the 
part linked to the silicon layer 12 is divided in the zener-zap diode 1 explained by said drawing,! . That 
is, as shown in drawing 4 , the electrode with which the part linked to the silicon layer 12 is divided is 
formed in the condition that the barrier metal layer 22 of small cathode electrode 20b nearest to the 
anode electrode 21 which is an electrode of reversed polarity worsened the hippo ridge rather than the 
barrier metal layer of electrodes other than this zener-zap diode 1 (illustration abbreviation) if it is the 
cathode electrode 20. 

[0024] Moreover, the electrode with which the part linked to the silicon layer 12 is divided is formed in 
the condition that the barrier metal layer 22 of small anode electrode 21b nearest to the cathode 
electrode 20 which is an electrode of reversed polarity worsened the hippo ridge like the above rather 
than the barrier metal layer of electrodes other than this zener-zap diode 1 (illustration abbreviation) if it 
is the anode electrode 21. 

[0025] Usually, the barrier metal layer 22 is formed of sputtering, therefore, the facet in which small 
cathode electrode 20b and small anode electrode 21b are formed - cathode opening 18b of a product, 
and a facet ~ it becomes possible by making small the diameter of opening of anode opening 19b of a 
product to worsen the hippo ridge of the barrier metal layer 22 formed in each opening circles. It 
becomes possible to worsen the hippo ridge of the part of the barrier metal layer 22 especially formed in 
the angle of the pars basilaris ossis occipitalis of each opening. And the more the diameter of opening 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/23/2004 



T MIS PAGE BLANK ojspto) 



Page 3 or o 



becomes small, the more the hippo ridge of the barrier metal layer 22 of the part can be worsened. The 
minimum becomes each opening with the magnitude in which the embedding of the aluminum system 
metal layer 23 is possible. 

[0026] Thus, it becomes the barrier metal layer 22 easily destroyed by the high current at the time of a 
destructive short circuit by worsening the hippo ridge of the barrier metal layer 22, and forming small 
cathode electrode 20b and small anode electrode 21b. Therefore, it becomes possible to reconcile large 
cathode electrode 20a which has the connection area of small hippo ridge electrode 20b which the 
barrier metal layer 22 is destroyed by the above-mentioned high current, and can form a filament 31 
according to it, small anode electrode 21b, and the silicon layer which can bear the high current, and 
large anode electrode 21a, and to form. Of this, since the barrier metal layer 22 becomes easy to be torn 
at the time of the destructive short circuit of the zener-zap diode 1, a filament (illustration abbreviation) 
is formed stably. It becomes possible to prevent an open circuit of the electrode by the electromigration 
at the time of a destructive short circuit with it. Therefore, ON resistance after a destructive short circuit 
is stabilized. 

[0027] In addition, while worsening the hippo ridge of each barrier metal layer 22 of divided small 
cathode electrode 20b and small anode electrode 21b, the hippo ridge of the aluminum system metal 
layer 23 which consists of the aluminum or the aluminium alloy which is the source of supply of a 
filament also gets worse. After this problem forms the barrier metal layer 22 by sputtering, it is solved 
by 300 degrees C - 500 degrees C sputtering by forming the aluminum system metal layers 23, such as 
aluminum and an aluminium alloy. By forming electrodes other than zener-zap diode 1 in the same 
configuration as usual, the hippo ridge of the barrier metal layer in an electrode edge is secured. 
Therefore, there is no effect of the property on components other than zener-zap diode 1. 
[0028] Next, the layout pattern of the polar zone of drawing 5 explains an example of the 3rd operation 
gestalt of this invention. 

[0029] As shown in drawing 5 , small cathode electrode 20b formed in the electrode (this drawing anode 
electrode 21) side of reversed polarity considers as the configuration which becomes thin toward the 
anode electrode 21, for example, is formed in the shape of a triangle in plane view so that it may be 
[ current concentration ] easy a lifting at the time of a destructive short circuit. Moreover, small anode 
electrode 21b formed in the electrode (this drawing cathode electrode 20) side of reversed polarity 
considers as the configuration which becomes thin toward the cathode electrode 21, for example, is 
formed in the shape of a triangle in plane view so that it may be [ current concentration ] easy a lifting at 
the time of a destructive short circuit. In addition, it is not limited to the above-mentioned configuration, 
for example, above-mentioned smallness cathode electrode 20b and small anode electrode 21b can also 
be formed in a convex configuration, trapezoidal shape, etc. 

[0030] Since current concentration occurs in the part thin [ of reversed polarity / electrode ] and formed 
at the time of the destructive short circuit of zener-zap diode by forming small cathode electrode 20b 
and small anode electrode 21b in the configuration where it explained with the above-mentioned 3rd 
operation gestalt, a filament becomes that it is easy to be formed between small cathode electrode 20b 
and small anode electrode 21b. Moreover, whether it forms only small cathode electrode 20b in the 
shape of [ above-mentioned ] a triangle etc. or forms only small anode electrode 21b in the shape of 
[ above-mentioned ] a triangle etc., a filament becomes is easy to be formed toward the electrode formed 
in the shape of a triangle from the electrode formed in the shape of a triangle. 

[0031] In addition, although each above-mentioned operation gestalt explained the NPN transistor, the 
same is said of a PNP transistor. Moreover, each configuration of the anode electrode explained with 
each above-mentioned operation gestalt and a cathode electrode can respond by changing the mask 
shape of opening which forms each electrode. Therefore, simultaneously with the conventional NPN 
mold transistor or an PNP mold transistor, it can manufacture, without adding the process in the 
manufacture process of a transistor. 
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[0032] 

[Effect of the Invention] As mentioned above, as explained, the part which connects with the silicon 
layer of one [ at least ] electrode of an anode electrode and the cathode electrodes according to this 
invention is divided into plurality, since the area of the part which connects the electrode nearest to the 
electrode of reversed polarity to a silicon layer rather than the electrode of other like-pole nature is 
formed small, at the time of the destructive short circuit of zener-zap diode, a high current flows into the 
part, and a barrier metal layer becomes easy to be torn. By it, a filament can be stably formed at the time 
of a destructive short circuit. Therefore, stabilization of ON resistance after a destructive short circuit 
can be attained. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS ' 

[Claim(s)] . . 

[Claim 1] Zener-zap diode characterized by dividing into plurality the part which connects with said 
silicon layer of one [ at least ] electrode of said electrodes which consist of the anode electrode and 
cathode electrode of said zener-zap diode in the zener-zap diode which the aluminum of an electrode 
and the silicon of a silicon layer were made to react, forms a filament, and formed the barrier metal layer 
in the lower layer of said electrode. 

[Claim 2] The electrode with the part nearest to the electrode of reversed polarity among the electrodes 
currently divided into plurality which connects with said silicon layer in zener-zap diode according to 
claim 1 is zener-zap diode characterized by forming small the area of the part which connects with said 
silicon layer rather than the electrode of other like-pole nature. 

[Claim 3] The hippo ridge of the barrier metal layer in an electrode with the part nearest to the electrode 
of reversed polarity among the electrodes currently divided into plurality which connects with said 
silicon layer in zener-zap diode according to claim 1 is zener-zap diode characterized by being formed in 
the condition of having made it getting worse rather than the hippo ridge of the barrier metal layer of 
electrodes other than said zener-zap diode. 

[Claim 4] The hippo ridge of the barrier metal layer in an electrode with the part nearest to the electrode 
of reversed polarity among the electrodes currently divided into plurality which connects with said 
silicon layer in zener-zap diode according to claim 2 is zener-zap diode characterized by being formed in 
the condition of having made it getting worse rather than the hippo ridge of the barrier metal layer of 
electrodes other than said zener-zap diode. 

[Claim 5] The electrode with the part nearest to the electrode of reversed polarity among the electrodes 
currently divided into plurality which connects with said silicon layer in zener-zap diode according to 
claim 1 is zener-zap diode characterized by being formed in the configuration to which the part linked to 
said silicon layer becomes thin toward the electrode of reversed polarity. 

[Claim 6] The electrode with the part nearest to the electrode of reversed polarity among the electrodes 
currently divided into plurality which connects with said silicon layer in zener-zap diode according to 
claim 2 is zener-zap diode characterized by being formed in the configuration to which the part linked to 
said silicon layer becomes thin toward the electrode of reversed polarity. 

[Claim 7] The electrode with the part nearest to the electrode of reversed polarity among the electrodes 
currently divided into plurality which connects with said silicon layer in zener-zap diode according to 
claim 3 is zener-zap diode characterized by being formed in the configuration to which the part linked to 
said silicon layer becomes thin toward the electrode of reversed polarity. 

[Claim 8] The electrode with the part nearest to the electrode of reversed polarity among the electrodes 
currently divided into plurality which connects with said silicon layer in zener-zap diode according to 
claim 4 is zener-zap diode characterized by being formed in the configuration to which the part linked to 
said silicon layer becomes thin toward the electrode of reversed polarity. 
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[Translation done.] 
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